INTRODUCTION
============

Low back pain (LBP) is a growing primary health care problem world-wide affecting over 50% of the population globally \[[@B1][@B2]\] and incurring a financial burden of at least \$86 billion annually \[[@B3]\]. This has led to substantial expenses for health care for the general public as a whole \[[@B4]\]. The bulk of people that experience LBP will improve with time; however, a significant number will suffer repeated episodes and some report continuous and persistent symptoms for many years \[[@B5]\]. Chronic low back pain (CLBP) is related to considerable physical and psychological disability, and is a key cause of applications for sick-leave in places of work, globally \[[@B6]\].

Sleep is necessary for normal functioning of the human body. Humans who experience sleep disorder have a shortened lifespan \[[@B7]\]. Sleep is crucial for the accurate performance of nearly all systems in the human body including the endocrine, neurological, and immune systems and it is also fundamental for memory and learning \[[@B8]\]. Sleep is also very important in the conservation of energy, brain plasticity, synaptic homeostasis, and neuronal recovery \[[@B9]\]. Particularly, lack of sleep impacts negatively on pain perception, level of functional ability, mood, and overall quality of life in patients with CLBP \[[@B10]\]. This condition has also been reported to be related to a reduction in functional ability, psychological status, and health-related quality of life \[[@B11]\].

Some exercises, such as spinal stabilization exercises, could be used to treat the stability of the spine to improve spinal control \[[@B12]\]. It was therefore anticipated that a specific program of stabilization exercises will most likely change the central motor control and automatically recruitment of deep core muscles in the back and abdomen \[[@B13]\]. A previous study has shown that stabilization exercises are more beneficial than conventional treatments to reduce pain and disability in chronic LBP patients \[[@B14]\].

Hence, this study was aimed at determining the effect of stabilization exercises on pain-related disability, sleep disturbance, and psychological status (depression and anxiety) in patients with NSCLBP.

MATERIALS AND METHODS
=====================

Twenty-six participants (M/F = 19/9) with ages range from 22--72 years were involved in this study. They were recruited from the outpatient physiotherapy clinics of Lagos University Teaching Hospital, Idi-Araba, Lagos, Nigeria, the Air Force Hospital Base, Ikeja, Lagos, and the Army Reference Hospital, Yaba, Lagos.

Included in this study were participants whose clinical assessment indicates that they will be able to undergo the training for stabilization exercises, subject with diagnosis of NSCLBP (this is LBP not attributed to a recognizable, known, specific pathology such as, infection, tumor, osteoporosis, lumbar spine fracture, radicular syndrome, or cauda equina syndrome) with and without radiation to the lower limbs \[[@B15]\].

Excluded from the study were subjects with deformities of the back (including conditions such as idiopathic adolescent scoliosis, congenital scoliosis, post-traumatic deformities, and other adult spinal deformities, including post-infective kyphosis) \[[@B16]\], red flags indicating serious pathology, and subjects with a history of systemic and inflammatory disease.

Assessment of participants was done by obtaining a detailed history, using an assessment form that was given to them, and through physical examinations and radiographic examination. Participants\' information, such as age, sex, weight, height, duration of low back pain, and drug history, was taken.

After fulfilling the inclusion criteria, participants were fully included in the study after signing the informed consent that was given by the researcher. Ethical approval was obtained from the Health Research and Ethics Committee of Lagos University Teaching Hospital, Idi-Araba, Lagos, with approval number ADM/DCST/HREC/APP/1500.

Of the 35 participants recruited for this study, 2 were not eligible for the study, and were excluded. But only 26 participants completed the study (17 males and 9 females). Reasons for withdrawal by the remaining 7 participants were illness and travel.

Participants performed the stabilization exercises for 8 weeks, consecutively. Assessment of pain-related disability, depression, anxiety, and sleep disturbance were done using the Pain-disability Index, Hospital Anxiety and Depression Scale, and Insomnia Severity Index, pre-intervention, the 4th week, and the 8th week, post intervention.

1. Protocol of stabilization exercises
--------------------------------------

### 1) Abdominal bracing

Subjects, in a supine lying position, were instructed to perform a drawing-in maneuver of the abdomen, holding it for 8 seconds, for 30 repetitions.

### 2) Bracing with heel slides

Subjects, in a supine lying position, were instructed to perform a drawing-in maneuver of the abdomen, with a heel slide on both feet for 4 seconds, for 20 repetitions.

### 3) Bracing with leg lift

Subjects were instructed to perform a drawing-in maneuver of the abdomen in a supine lying position, holding it while raising each leg for 4 seconds, for 20 repetitions.

### 4) Bracing with bridging

Subjects, in a supine lying position, were instructed to perform a drawing-in maneuver of the abdomen, gently raising the buttocks from the supporting surface and holding it for 8 seconds, for 30 repetitions.

### 5) Bracing with bridging and leg lift

Subjects, lying in a supine position, were instructed to perform a drawing-in maneuver of the abdomen while gently raising the buttocks from the supporting surface, holding this position while raising each leg for 8 seconds, for 30 repetitions.

### 6) Bracing with standing

Subjects were instructed while standing to perform a drawing-in maneuver of the abdomen for 8 seconds, for 30 repetitions.

### 7) Quadruped arm lift with bracing (one upper limb flexed)

Subjects were instructed, while in a prone kneeling position, to perform a drawing-in maneuver of the abdomen for 8 seconds, with one upper limb flexed, for 30 repetitions.

### 8) Quadruped leg lift with bracing (one lower limb is extended and lifted off the supporting surface)

Subjects were instructed, while in prone kneeling position, to perform the drawing-in maneuver of the abdomen with one of their lower limbs flexed for 8 seconds, for 30 repetitions.

### 9) Quadruped alternate arm and leg lift with bracing (contralateral upper and lower limbs are extended alternately)

Subjects were instructed, while in a prone kneeling position, to perform the drawing-in maneuver of the abdomen with contralateral upper and lower limbs extended alternately for 8 seconds, for 30 repetitions \[[@B17][@B18]\].

2. Statistics
-------------

Data were analyzed using the statistical package for social science (SPSS) version 21 and Microsoft Excel 2007, and summarized using descriptive statistics of frequency, charts, as well as mean and standard deviation.

Friedman\'s test was used to find the statistically significant difference in the outcome measure across the weeks, and the Wilcoxon signed rank test was used to find difference at baseline and the eighth week, post intervention.

The level of significance was set at *P* \< 0.05.

RESULTS
=======

A total of 26 NSCLBP patients participated in this study. The participants consisted of 9 (34.6%) females and 17 (65.4%) males with a mean age of 50.08 ± 15.45, weight of 71.15 ± 9.83 kg, height of 1.70 ± 0.83 cm, and a BMI of 24.66 ± 3.21 kg/m^2^.

1. Outcome parameters at baseline, 4^th^ week, and 8^th^ week (post-intervention) of the subjects
-------------------------------------------------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the mean score of all the outcome parameters at baseline, the 4th week (mid intervention), and the end of the 8th week (post intervention). Friedman\'s test showed that there was a significant difference in all the outcome parameters only post intervention, including sleep disturbance (*P* = 0.001), pain-related disability (*P* = 0.001), depression (*P* = 0.001), and anxiety (*P* = 0.001).

2. Outcome parameters of the subjects at baseline and the 8^th^ week (post-intervention)
----------------------------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows the comparison of the mean score of all the outcome parameters at baseline and the end of the 8th week (post-intervention). Wilcoxon\'s sign rank test showed that there was a significant difference in all the outcome parameters assessed post intervention, including sleep disturbance (*P* = 0.001), pain-related disability (*P* = 0.001), depression (*P* = 0.001), and anxiety (*P* = 0.001).

3. Correlation between the pain-related disability index, sleep disturbance, and psychological status of the subjects
---------------------------------------------------------------------------------------------------------------------

[Table 3](#T3){ref-type="table"} shows that there was a significant correlation between pain-related disability and depression (*P* = 0.03), as well as anxiety (*P* = 0.02), at the end of the 8th week (post-intervention).

DISCUSSION
==========

The results of this research showed that the use of stabilization exercises is effective in the reduction of pain-related disability, sleep disturbance, and psychological status in NSCLBP patients.

The improvement in the outcome measure assessed could be due to the reestablishment of the normal control of the local muscles lumbar multifidus and transversus abdominis, which reduced the activity of more superficial muscles (rectus abdominis, external oblique, and internal oblique) which, when recruited, stabilized the spine and increased activity in the lumbar muscles.

This resulted in a decrease in pain-related disability level, which improved sleep quality and, in turn, improved their psychological status. Furthermore, the co-contraction of the local muscles, such as transversus abdominis and lumbar multifidus, had been reported to be effective in the stabilization of the motion segments of the lumbar spine, particularly within the neural zone, thus providing a stable base on which the global muscles (superficial muscles) can safely act \[[@B19]\].

The findings of this study shows that stabilization exercises are very effective in the reduction of pain-related disability in short term intervention, which is contrary to the result of the study by Koumantakis et al. \[[@B20]\], who reported a reduction in the level of disability and pain in short term by their participants after undergoing general exercise than stabilization enhanced exercise. The results of this study conforms to the study of Akodu et al. \[[@B14]\], who reported that stabilization exercise was effective in the management of pain and functional disability in patients with NSCLBP. The findings of this study support the report of the study of Shakeri et al. \[[@B21]\], which focused on the effect of lumbar stabilization exercises on pain and disability in women with menstrual low back pain, and the results showed that lumbar stabilization exercises improve pain and disability. The result of this study also support the report of the study by Nava-Bringas et al. \[[@B22]\], who, in their study on the adherence to a stability exercise program in patients with CLBP, reported that there was reduction in pain, with functional improvement, and that the improvement presented more quickly than the control following adherence to a lumbar stabilization exercise program.

The result of this study revealed that there was a statistically significant improvement in the psychological status (depression and anxiety) of the subjects; this could be as a result of reduction in the pain-related disability of the participants after undergoing a regimen of stabilization exercises. This finding supports the assertion of Balasubramaniam et al. \[[@B23]\], who reported that depression reduces once there is a change in the perception of pain and disability.

The study of Shakeri et al. \[[@B21]\], presented positive outcomes in the stabilization exercise groups due to activation of the deep stabilizer muscles during the motor control exercises. Antunes et al. \[[@B24]\], conducted a cross-sectional study on the relationship between chronic low back pain and depression, as well as kinesiophobia. It was concluded that the prevalence of depression is high in patients with CLBP, and that their depression is associated with poor quality of life. However, in the study of Akodu et al. \[[@B18]\], it was reported that stabilization exercise is effective in the improvement of the psychological aspect of quality of life, as well as the social status of patients with NSCLBP. This result also agrees with the report of the study of Sethi \[[@B25]\], who studied the impact of short duration (4 weeks) core stability exercises on depression, anxiety and stress status in adult patients with CLBP. They concluded that there was a significant improvement after 4 weeks of core stability training in the depression, anxiety, and stress level of the participants.

A previous study has indicated that low back pain was associated with patients\' emotional status \[[@B26]\]. Depression also has a bidirectional relationship with pain \[[@B27]\]. Bair et al. \[[@B28]\], demonstrated that depression is associated with more pain sites, greater pain intensity, longer duration of pain, and an increased risk of poor treatment response. Depression produces substantial disability and a decrease in health-related quality of life \[[@B29]\]. The study of Hung et al. \[[@B30]\], found that depression was the most powerful factor associated with disability in LBP patients; more so, insufficient sleep may result in depression \[[@B31]\].

According to the result of this study, there was a statistically significant improvement in the sleep disturbance of patient with NSCLBP; this could be as a result of reduction in pain and disability which in turn improves their sleep quality. Pain is associated with sleep; pain disturbs sleep, while sleep disturbance also increases pain intensity and decreases the ability to cope with pain \[[@B32]\]. The occurrence of sleep disturbance increases tiredness, sleeping during the day and low mood, which may lead to harmful impact such as weakening memory, barrier to work, stress in daily life, poor quality of life, and more severe pain in individuals \[[@B33]\]. Disturbance in sleep patterns is commonly seen in people with anxiety and related disorders; research has shown that sleep disturbance may predict the development of anxiety disorders \[[@B34]\]. The development of sleep disturbance is preceded by anxiety and depression in young women, whereas anxiety and sleep had a bidirectional relationship in men and older women \[[@B35]\], which concurs with the result of this study on the age-gender population of older men and women. A study by Lee et al. \[[@B36]\], also reported that patients who had subjective sleep disturbance were more likely to develop moderate to severe depression.

Therefore, stabilization exercise can cause a reduction in pain which would, in turn, reduce disability caused by pain, sleep disturbance, depression, and anxiety, since they are all multidirectional. Rapt attention should be given to all these variables (sleep disturbance, depression, anxiety, and pain-related disability) during management, and outcome measures should be incorporated in the assessment of them in patients.

The outcome of this study showed a statistically significant correlation between pain-related disability, depression, and anxiety level post intervention (at the end of 8th week) which could be as a result of re-establishment of the normal control of the local muscles of the back. But it showed no significant relationship between pain, disability, and sleep disturbance post treatment. This might be because a majority of the participants fell into the category of sub-threshold insomnia even after undergoing 8 weeks of stabilization exercises. This agrees with the results of the study of Wang et al. \[[@B37]\], which stated that the pain intensity of LBP was correlated with the level of depression and anxiety. But it disagrees with their findings which state that the sleep disturbance score was significantly correlated with the pain intensity of LBP patients. This result also supports Kelly et al. \[[@B38]\], who revealed in their study that sleep disturbance, depression, anxiety, and pain intensity were correlated with each other.

For instance, sleep disturbance might aggravate symptoms of pain; conversely, symptoms of pain might trigger sleep disturbance \[[@B39]\]. The study of O\'Donoghue et al. \[[@B40]\], also suggested that sleep disturbance is slightly associated with pain intensity compared to its strong association with psychological status and poor mood. The study was limited in terms of long term follow up to determine if there would be consistency in the results and also improvement in the study population.

In conclusion, the results of this study provide evidence that patients with NSCLBP can achieve significant benefit from stabilization exercise in regards to the level of their pain-related disability, sleep disturbance, and psychological status (depression, anxiety). Therefore, attention should be given to all these variables (sleep disturbance, depression, anxiety, and pain-related disability) during management, and outcome measures should be incorporated into the assessment of these patients.

The authors appreciate and acknowledge the patients that participated in this study.

###### Outcome Parameters at Baseline, End 4^th^ Week and Post Intervention (End of 8^th^ Week) of the Participants
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^\*^Significance at *P* ≤ 0.05, SD: Standard deviation, FM value: Friedman test.

###### Outcome Parameters at Pre-treatment (Baseline) and Post-treatment (End of 8^th^ Week) of the Subjects
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^\*^Significance at *P* ≤ 0.05, SD: Standard deviation, Z-value: Wilcoxon sign rank test.

###### Correlation between Pain-disability, Sleep Disturbance and Psychological Status of the Subjects
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^\*^Significance at *P* ≤ 0.05, r: Pearson\'s correlation coefficient, Rx: Treatment.
